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About Us

* Biocomplexity Institute at the University of Virginia
* Using big data and simulations to understand massively
interactive systems and solve societal problems

* Over 20 years of crafting and analyzing infectious
disease models

* Pandemic response for Influenza, Ebola, Zika, and others
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Overview

e Goal: Understand impact of COVID-19 mitigations in Virginia
* Approach:

* Calibrate explanatory mechanistic model to observed cases
* Project based on scenarios for next 4 months
* Consider a range of possible mitigation effects in "what-if" scenarios

* Outcomes:
* ||, Confirmed, Hospitalized, ICU, Ventilated, Death
* Geographic spread over time, case counts, healthcare burdens

UNIVERSITYs VIRGINIA
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Key Takeaways

Projecting future cases precisely is impossible and unnecessary.
Even without perfect projections, we can confidently draw conclusions:

* Case rates and hospitalizations are starting to plateau

* VA 7-day mean daily case rate slowly decreased to 8/100K from 10/100K
* US has plateaued to 9/100K (from 9/100K)

e BA.2 subvariant of Omicron approaches 50% prevalence and continues to grow

* Projections anticipate a plateau at moderate to low levels, though growth from BA.2 or other factors is possible:
* Future levels and resilience to new variants and reduced infection control measures depend on the strength of immunity gained through infection
with Omicron and its durability against waning
* Model updates:

* Adjusted ascertainment levels during Omicron to better capture degraded case detection and reduced symptomatic fraction of Omicron

* Further calibration of model parameters to match recent data on population immunity post-Omicron wave continue and will provide better long-
term estimates of future disease dynamics

The situation continues to change. Models continue to be updated regularly.



Situation Assessment
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Case Rates
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District Trajectories

Hockey stick fit
. . . . . Portsmouth
Goal: Define epochs of a Health District’s COVID-19 incidence o= T
to characterize the current trajectory e I
Method: Find recent peak and use hockey stick fit to find ' i
inflection point afterwards, then use this period’s slope to ?
define the trajectory ] e - o

Apr
2020

Descriotion Weekly Case Rate # Districts
P (per 100K) bounds (prev week)
Declining Sustained decreases following a recent peak below -0.9 32 (31)
Steady level with minimal trend up or down above -0.9 and below 0.5 0 (1)

Sustained growth not rapid enough to be considered

above 0.5 and below 2.5 3 (3)
a Surge
Currently experiencing sustained rapid and
In Surge significant growth 2.5 or greater 0(0)
il UNIVERSITYsVIRGINIA
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District Trajectories — last 10 weeks

# Districts

prev week)
32 (31)

0(1)
3 (3)
0 (0)

Plateau

Slow Growth

Curve shows smoothed case rate (per 100K)
Trajectories of states in label & chart box
Case Rate curve colored by Reproductive
number

New River - Declining

20| casenicon - No Smosthing
— casesncox.
Charge pont
From dats

[T E—
— casenioon
== Charge port

= from date

Alleghany - Declinin

"Care 100K - No Smocehg
0K

Central Shenandoah - Declining

ord Fairfax - Declining
-

‘Casenr 200K - 40 $moceh
— casezook

Chasge root
rrom date

. F¥EEEEEE

Cases/100K - Mo Smosching
100

(R ERE]

§

Fe
=2
nepart oate
Fairfax - Decli

2
Report Dote

Rappahannoc

100a

1.5 <=
11 <=
09 <=
0.5 <=
0.2 <=
R<0.2

R<?2

R<15
R<11
R<0.9
R<0.5

Ridge

‘Case200K - 4o Smocehing

Declining

ickahominy - Declining

‘Casex200€ - 40 Smocching
00

w0 | — coen — cmvesio0 — e
=== Chasge funt Chasge. === Change pont
e from date ey

Hrom date

< BET Y

feport oate

o R VAR

Caeu00w - s St

e o
w2
Aepart oate

‘Casex100K - Mo Smosching
— Casesnoox.

Chasge ront

From date

T T T

ar

heport date
Western Tidewater - Declini
e p—

— Guesoo

=== Change Font

From date

neport Date

Chesapeake linin
psnives

Aeport Date

Portsmouth - Declinin

T
-
£
o smaening

¥EEERE

¥

31-Mar-22

il UNIVERSITYsVIRGINIA

BIOCOMPLEXITY INSTITUTE




CDC’s new COVID-19 Community Levels

What Prevention Steps Should You Take Based on Your
COVID-19 Community Level?

s Stay up to date with COVID-19 * If you are at high risk for severe * Wear a mask indoors in public . \La St wee k
vaccines iliness, talk to your healthcare « Stay up to date with COVID-19 \_'
* Gettested if you have provider about whether you vaccines T
d to wear a mask and take
symptoms nee ;
other precautions * Gettested ifyou have symptoms

. * Additional precautions may be
* Stay up to date with COVID-19
v needed for people at high risk

vaccines ' “
for severe illness /

* Get tested if you have symptoms

L L Medum
People may choose to mask at any time. People with symptoms, a positive test, or exposure to someone with COVID-19 i

should wear a mask. J

COVID-19 Community Levels — Use the Highest Level that Applies to Your Community

New COVID-19

Cases
Indicators Medium

New COVID-19 admissions per 100,000 10.0-19.9
population (7-day total) o

Percent of staffed inpatient beds
occupied by COVID-19 patients (7-day 10.0-14.9%
average)

Per 100,000 people
in the past 7 days

F than 200
ewer than @Low OMedium @High (ONoData

New COVID-19 admissions per 100,000

population (7-day total) NA <100
HABIEIP (WS Percent of staffed inpatient beds
occupied by COVID-19 patients (7-day NA <10.0%
average)
The COVID-19 community level is determined by the higher of the new admissions and inpatient beds metrics, [~ U k I
based on the current level of new cases per 100.000 population in the past 7 davs !L“.'.I! NIVERSITY#VIRGINIA C DC Data Tra C e r Po rta
31-Mar-22 9
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https://www.cdc.gov/coronavirus/2019-ncov/your-health/covid-by-county.html

CDC’s new COVID-19 Community Levels
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b occupancy set the leve
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L Virginia Beach
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L .\v \\\\K 2
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b~/ // l \ 0 \ Cases
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VA L I Fewer than 200
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occupied by COVID-19 patients (7-day 10.0-14.9%
6
average)
50
t 40 New COVID-19 admissions per 100,000
s . population (7-day total)
0
200 or more
10 - Percent of staffed inpatient beds
v bl dium_single ih_singlz _Mmm,mm _mn,m occupied by COVID-19 patients (7-day
Classifications average)

= The COVID-19 community level is determined by the higher of the new admissions and inpatient beds metrics,
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District Trajectories with Community Levels
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Curve shows smoothed case rate (per 100K)

CDC’s new Community Level aggregated to district
level in label & chart box color

Case Rate curve colored by Trajectory
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Estimating Daily Reproductive Number —
Redistributed gap

March 28t Estimates

VA state-wide RE with 7 day moving window by confirmation date redistributed GT 2022-03-27 VA RE by VHASS region with 7 day moving window by confirmation date redistributed GT 2022-03-27
14 ]

—— Totalled

umber
number
=

Date Confirmed Date Confirmed |
Re Diff Last Week b

roduction n

Region

State-wide 0.787 0.194 | | | I
Central 0.982 0.585 a2 o = & -
Eastern 0.823 0.387

Far SW 0.527 0.071 Skipping Weekend Reports & holidays biases estimates

Near SW 0.132 -0.537 Redistributed “big” report day to fill in gaps, and then estimate R from
Northern 0.912 0.095 ”smoothed” time series
' ' Virginia
Northwest 0.958 0.302 —
Methodology

6000

4000 - m
d ’r \
0

* Wallinga-Teunis method (EpiEstim?) for cases by confirmation date

Serial interval: updated to discrete distribution from observations (mean=4.3, Flaxman et al, Nature 2020)
Using Confirmation date since due to increasingly unstable estimates from onset date due to backfill

2000
1. Anne Cori, Neil M. Ferguson, Christophe Fraser, Simon Cauchemez. A New Framework and Software to Estimate
Time-Varying Reproduction Numbers During Epidemics. American Journal of Epidemiology, Volume 178, Issue 9, 1
November 2013, Pages 15051512, https://doi.org/10.1093/aje/kwt133 : : :
Jun Jul Aug Sep 12
31-Mar-22 2021
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Vaccination Administration in Virginia

Vaccine Doses administered:

* Doses administered rates continue to slow into a low-level plateau

* Considerable reduction in vaccination rate experienced since mid-January
* Third dose administration remains highest

All Doses - Daily

Central Far SW North:
d number
000000 doses 200000 _ Mar-2
—— dosel 50 400000 ;.:;r-z
dose? 150000 = B EEE J“"‘z
dose3 ) m= 40 = o . = . B = - jul21
15 L = || Lo mm g2
| B R 0 . = = . Sep?
100000 = . | Oct-2
= Nov-2
75 l .| . Dec-2
50 o = m u = | 100000 { - Jan-2
10
00000 i = 1l
L - H =
0000000000000000
100000 Eastern Near SW Northwest
140000 1 120000
250000 120000 4 -
— | |
000000000000 ] 100000 -
] = B000 o
- 80000 = == ® =
150000 = — =N | L] | = 000! - 0 B =N
~-gEE = | aw i =
100000 = 40000
. 40000 B |
= | =B S m B B B m| 20
N \u/"' | | 0 —
e T e e I
M 2 2 & /% § 8§ 8§ & 2 a 2 & & 3§ & § B 2 2 2 % /R F§ § § 7 £
— i A g R 2 =4 ] & & g F 2 =4 = = g F 2 =2
M& A age_group
g Sep Dec J Feb
date
Y
g | ]NIVERSITYof VIRGINIA
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Vaccination Acceptance by Region

Corrections to surveys: 100 -
. . . . - @ accept reg .y pe L]
* Facebook administered survey is timely and broad, but ve = propvax_reg .
. 80 Vi -
biased by who accesses Facebook and answers the survey e > %
. = - . "
e Correction approach: £ w0 | ﬁ_ % {
* Calculate an over-reporting fraction based on reported o 1
vaccinations compared to VDH administration data g 7
* Cross-validate coarse corrections against HPS survey at -
the state level and corrected in same manner
. COVIDcast accepting VDH proportion 0 - = = - o
Region . e E = = E t
corrected pop vaccinated E & = = £ =
i - u =} £
Central 82% 76% = = 2
WHASS Reg
Eastern 7% 74% Grev Bar: S 4 and cod .
re ar: ourvey measured and corrected acceptance
Far SW 64% 60% y Bar: SUrvey m 2 © aceep
" . Green Bar: Proportion of eligible population
Near SW 69% 66% administered a vaccine
Northern 91% 88% Dots: Proportion administered at least one dose for
Northwest 7% 74% each county
Virginia 81% 78%
il UNIVERSITY VIRGINIA
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Mask Usage Slows and Continues Decline

Self-reported mask usage drops to nearly lowest level of pandemic in July 2021
* US and VA experienced similar decreases, though VA remains slightly higher
* Mask wearing remains lower amongst unvaccinated especially among least willing to be vaccinated

PEOPLE WEARING MASKS CHART

People Wearing Masks in Virginia

|

per 100 people ) variable
Fri Mar 25 3253
80- : — No, definitely not
f - No, probably not
70- ‘ -- Vaccinated
il !

Yes, definitely

60-, — Yes, probably

it

~[\{>\f\\/m‘
\’\ 0 A 0 T | | | T T | | | 1
> June August October December February
021 03/14 " 05/09 07/04 08/01 09126 1024 m21 219 of

/16 02/13/2022 0313
............................. Date

50-

40-

11/28/2021  12/12 | 12/26  01/09  01/23  02/06  02/20  03/06  03/20
Date

—

I

)

Delphi Group, delphi.cmu.edu/covidcast

All Dates 4
e Virginia e United States
44.28 per 100 40.06 per 100

People Wearing Masks in Virginia
per 100 people

§SSSB‘S$

fiili UNIVERSITY VIRGINIA Data Source: https://covidcast.cmu.edu
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Wastewater Monitoring

Wastewater provides a coarse early warning of COVID-19 levels in communities
* Most sites in Northern and Eastern continue to detect COVID-19 in wastewater, Western part of state has no detection
* General US trend in last couple weeks to have more increases in the level of virus detected

Percent Change

L
(15-day)
L ]
L]
L ] £ '
. :.*
L] L]
L]
Select legend categories to filter points on the map.
®-100% -99% to -10% -9% to 0% 1% to 9% 10%to99% @ 100%t0 999% @ 1000% or more @ No recent data
Detection Proportion _
(15-day) ot
L]
Q
)
o o ?
L] :.g
O
00
L) e O

Select legend categories to filter points on the map.

OnNon-detect @ Lessthan20% ®20%t039%  40%t050% B60%to79% @80%1to100% @ No recent data

Data Source: CDC Data Tracker
31-Mar-22

SARS-CoV-2 RNA

wastewater levels, Virginia:

15-day percent change by sewershed

15-day%change Num. %  Categorychange
category sites sites in last 7 days
I~100% 1 6 N/A%

-99% to -10% n 61 -21%

-9% to 0% 1 6 N/A*

1% to 9% 0 0 N/A*

10% to 99% 1 6 -67%
1§ 100% to 999% 2 n -71%

1000% or more 2 " 100%

Total sites with current data: 18

Total number of

tewat ling sites: 41

SARS-CoV-2 RNA wastewater levels, Virginia:
15-day detection proportion by sewershed

15-day detectit
category

Non-Detect
1% to 19%
20% to 39%
40% to 59%
| 60% to 79%
Iao% to 100%

Total sites with
Total number of

jon% Num. % Category change
sites  sites inlast7 days

13 52 117%
(] 0 N/A*
0 0 N/A%
6 24 -54%
[} [} -100%
6 24 20%

current data: 25
f wastewater sampling sites: 41

How is 15-day detection proportion calculated?

300 1

250 4

200 4

150 -

100 4

Percent Change over 15 days for the past 4 weeks (US)

1: -100% or less h

2:-99% to -10%

:

2022-03-02
2022-03-09
2022-03-17
2022-03-25

il UNIVERSITY, VIRGINIA

3:-9% to 0%
4: 1% to 9%
5: 10% to 99%

category
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6: 100% to 999%

7- 1000% or more
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https://covid.cdc.gov/covid-data-tracker/#wastewater-surveillance

SARS-CoV?2 Variants of Concern

United States Virginia
Emerging new variants will alter the future trajectories |=i& =5
of pandemic and have implications for future control .
') ]
* Emerging variants can: g g
o 2 S
* Increase transmissibility £ £
* Increase severity (more hospitalizations and/or deaths) i
e Limit immunity provided by prior infection and vaccinations
Genomic surveillance remains very limited o
* Challenges ability to estimate impact in US to date and . R s S
estimation of arrival and potential impact in future Omicron Prevalence
CDC now tracking e hrai: ng e g
e e oo Omicron  B.1.1.529 VOC  51.7% 43.8-59.5% l
Alpha B.1.1.7 201 (V1) +5:459R ::l;lc;l;rgo 18-Dec-2020 CDC nowcast for Week é
- th :;EJEJ“.. BA2 VOC 483% 40.5-56.2%
Beta B.1.351 GH/501Y.V2 20H (V2) +S:L18F f‘:u?;:zfgca' 18-Dec-2020 endlng MarCh 26. % B
B y.l shows 48% BA.z In ién Delta B.1617.2 voCc  0.0% 0.0-0.0%
Gamma P1 GR/501Y.V3 20J (V3) +S:681H Nov-2020 11-Jan-2021 Region 3’ up from 33% ;;: N
Della  BAGI72 GATBKV1  21A,211,21) ::::: . xg'c"m;:ilm previous week . -
Omicron*  B.1.1.529 GRA 21K, 21L +R346K :lﬂ:frl\:s :z: Z_:m_:: NatiOna"y BA.2 is now ates gen ‘;“:“‘:T?'Z
e the predominant sub- O R B
h;"[" H 0,
d7Ny World Health variant (55%) Colecon cale, weok g
g‘&,ﬁu Y Organization WHO

31-Mar-22 CDC Variant Tracking



https://www.cdc.gov/coronavirus/2019-ncov/transmission/variant-cases.html
https://www.who.int/en/activities/tracking-SARS-CoV-2-variants/

SARS-CoV2 Omicron and Sub-Variants

VoC Polynomial Fit Projections
_Virginia

As detected in whole Genomes in public repositories
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SARS-CoV?2 BA.2 subvariant Tracking

BA.2 subvariant growing rapidly in some European countries SGTF proxy in US

e Both Delta and the Omicron BA.2 subvariant don’t have the SGTF

signal with PCR tests, so the reduction in SGTF from BA.1 can be Yale- New Haven
an imperfect signal for increased BA.2 S ene et e (SGTF et o Yol New Haven Hosp (Conect

1,000

* BA.2 is now majority subvariant in most northern European
countries and India and some neighbors 1A (belta)

211 (Delta)

~Lryy 100%
800 \ 80%
600
Bl 21J (Delta)
BB 21K (Omicron)
21L (Omicron)

KX switzerland Brazil == spain
= Netherlands BN iy B Beigium

Positive samples (CT < 30)

‘ll“l Al

111521 12/1/21 1122 117/22 21/22 2114/22 3/1/22

Test date

San Diego

Dec Dec Jan Jan Jen feb feb Ma Mar Aor Apr Moy May Jun Jun
19 132713 2 10 24 08 2 0

L

2 o s | - SGTF in CT and CA indicate majority
CoVariants. org it UNIVERSITYo VIRGINIA

Are BA.2 subvariants now
BIOCOMPLEXITY INSTITUTE 19
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https://covidtrackerct.com/variant-surveillance/
https://searchcovid.info/dashboards/omicron-estimates/
https://covariants.org/per-country

Pandemic Pubs

1. Financial Times graphics nicely illustrate the impact of BA.2
on several European countries.

2. New analysis in UK HSA report illustrates that VE against
hospitalization remains high even for 65+ (85%) when
corrected for hospitalization likely due to COVID.

3. Researchers in Sweden find nasal swabs from BA.2 give
two-fold higher levels of RNA.

4. New research in MMWR shows significantly improved
protection for those who follow a primary J&J vaccine with an
MRNA booster.

TABLE 2. Vaccine effectiveness* of 1 primary Janssen vaccine dose, homologous and heterologous boosters
following primary Janssen vaccination, and 3 mRNA COVID-19 vaccine doses’ against laboratory-confirmed
COVID-19-associated emergency department and urgent care encounters and hospitalizations among adults
aged =18 years® — VISION Network, 10 states, December 2021—March 2022 w

Positive SARS-CoV-2 result, no. VE %* (95%
Medical event, vaccination status (days since most recent dose) Total (%) aa
ED/UC events (N = 80,287)
Unvaccinated (Ref) 52,025 23,560 (45.3) Ref
1 Janssen dose =14 days earlier (median = 262 days 4514 1,652 (36.6) 24(18-29)
[range = 196-293])
2 Janssen doses (7-120 days) 467 135(28.9) 54(43-63)
1 Janssen/1 mRNA dose (7-120 days) 1271 166 (13.1) 79(74-82)
3 mRNA doses (7-120 days) 22,010 2614(11.9) B3(82-34)
Hospitalizations (N = 25,244)
Unvaccinated (Ref) 15424 7.271(47.1) Ref
1Janssen dose =14 days earlier (median = 264 days 1,451 518(35.7) 31(21-40)
[range = 199-294])
2 Janssen doses (7-120 days) 164 47(28.7) 67 (52-77)
1 Janssen/1 mRNA dose (7-120 days) 373 59(15.8) 78 (70-84)
3 mRNA doses (7-120 days) 7.832 775(9.9) 90(88-91)

VE against COVID-19-associated emergency department/urgent care visits was
24% after 1 Jansen dose, 54% after 2 Jansen doses, and 79% after 1 Janssen/1
MRNA dose, compared to 83% after 3 mRNA doses. VE for the same strategies
against COVID-19—associated hospitalization was 31%, 67%, 78%, and 90%

respectively.
https://www.cdc.gov/mmwr/volumes/71/wr/mm7113e2.htm?s cid=mm7113e2 witcontrib

A_ff

The BA.2 Omicron sublineage has displaced the original strain and is driving new surges
in cases across Europe, with Denmark and the Netherlands now past their BA.2 peaks
7-day average of new confirmed cases per 100k people, by variant*

Switzerland

Netherlands Austria

Denmark

400
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’s share of all cases estimated using method from Tom Wen S
sis of data from Johns Hopkins CSSE, World Health Organization
urn-Murdoch / @jburnmurdoch

TWenseleers, then applied fo case rates

Financial Times Graphics based on JHU CSSE data
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Analysis of 174,933 clinical nasopharyngeal swab samples using a custom variant-
typing RT-PCR assay gives two-fold higher levels of viral RNA in cases with Omicron
BA.2. Researchers developed a modified RT-PCR test to assess BA.1 status (panel E)
and confirmed with sequencing (panel F)
https://www.medrxiv.org/content/10.1101/2022.03.26.22272984v1

Germany

Table 1. vaccine gain
heospitalisations in a) 18 to 64year olds and b) 65 year olds and over

France

700

using different definintions of

ECDS symptomatic
with onset date

SUS atleast 2 days
with ARI code in

SUS atleast 2 days &
either oxygen,
ventilation or ICU

primary field with ARI code in
primary field
18 to 64

Interval VE VE VE
Dose 1 0to27 485 (12.31069.7) 36.2 (-33.9 10 69.6)

28+ 48.7 (32.810 60.8) 441 (25610 58) 75 (42410 89.1)
Dose2 |Qto13 39.6(-31.5t0722) 88.9 (58.41097)

14 to 174 54.7 (45.3 10 62.4) 69 (58.1t0 77) 86.7 (636 t0 95.1)

175+ 34.6 (21710 45.4) 56.1(46.4 to 64) 82.3(67.7 t0 90.3)
Booster 0106 63.9 (52210 72.8) 74.3 (55.9 to 85) 90.7 (56 0 98.1)

Tt013 80.1(73.510 85.1) 90.9 (83.21095.1) 0 (100 to 100)

141034 82.4 (78.6 to 85.6) 88.6 (84.910 91.5) 971 (922 t0 98.9)

35 10 69 727 (67210 77.2) 85.8 (82.4 10 88.5) 943 (88.9 to 97.1)

70 to 104 66.9 (69.11073.3) 80.2 (7491084 4) 89.9(78.31t0953)

105+ 53.6 (36.9 t0 65.9) 67.4(53.11077.4) 75.9 (158 0 93.1)

65+

Interval VE VE VE
Dose1 |0Qto27 43.9 (M1t 77.7)

28+ 53.4(36.31065.9) 78.3(437t091.7)
Dose2 |0to13 0 (100 to 100)

1410174 | 77.8(451091) 82.3 (74310 87.8) 90.9 (72.6 to 97)

175+ 66.7 (434 t0 80.4) 577 (49.6 o 64.4) 73.4 (551 t0 84.3)
Booster 0106 85.8 (61510 94.7) 77.9 (65.3 10 85.9) 89.2 (631 t0 96.8)

7013 92.3 (76,310 97.5) 847 (7610 90.2) 94.7 (716 to 99)

141034 92.4 (86 10 95.8) 91.3(89.11093.1) 95.8(91.31097.9)

35 10 69 87 (79.210 91.8) 89.3 (87.3 10 90.9) 92.8 (884 to 95.6)

7010104 | B4 (746 t0 89.9) 881 (86.1 t0 89.9) 925 (881 to 95.2)

105+ 76.9 (60.6 to 86.4) 85.3 (82.4 to 87.6) 868 (77.11092.3)

ECDS = Emergency Care Dataset (this analysis includes all admissions with a positive COVID-
19 test via emergency care except for those coded as injuries); SUS = Secondary Users

Service (this analysis includes all admissions to secondary care for =2 days with a respiratory
code in the first diagnostic field) (10).

Using medical records analyzed population level

protection against hospitalization due to respiratory
illness for more than 2 days
UK HAS report (24 March 2022)



https://www.medrxiv.org/content/10.1101/2022.03.26.22272984v1
https://www.cdc.gov/mmwr/volumes/71/wr/mm7113e2.htm?s_cid=mm7113e2_w#contribAff
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1063023/Vaccine-surveillance-report-week-12.pdf

SARS-CoV-2 positive test result VE fully adjusted
Characteristic Total no. (%) % (95% CI)* Waning trend p valuett

Pa n d e m I C P u b S (last Wee k) Any mRNA vaccine, 3 doses 10,957 471 (4) 93 (92-94) <0.001

<2 mos 7,332 221(3) 95 (94-95)
. . . 2-3 mos 3,413 211 (6) 91 (89-92)
1. CDC Study Vaccine effectiveness against severe outcomes >4 mos 212 39(18) 81 (72-87)
i rd nd 1 i Delta-predominant period
hlgh_er a_fter a3 do_sg than after the 2 <, thqugh wanes with time et bredom e 26214 14,445 (40) _ _
2. High immunogenicity of mRNA vaccines is achieved Any mRNA vaccine, 2 doses 38,707 3,315 (9) 85 (84-85) <0.001
. : <2 mos 1,574 49 (3) 94 (92-96)
after three dos_,es with antibody Ievel:_s resto_red by a f_ourt_h dos_e. 3o 2790 154(6) 91 (39-92)
Fourth dose displayed reduced vaccine efficacy against infections 4mos Ity s g; 2 §§§:§;
. =5 mos , 5 -
in young health care workers Any mRNA vaccine, 3 doses 8,124 195 (2) 95 (95-96) <0.001
: <2 mos 6,071 118 (2) 96 (95-97)
3. Thom_Jg_h Omicron BA.1 a_nd BA.2 evat_:le huma_n plasma _ S 2,030 748 93 (91-98)
neutralizing antibodies elicited by infection or primary vaccine >4 mos 23 303 76 (14-93)
series, MRNA booster doses rescue neutralization potency across omeronredominant period
’ p y Unvaccinated (Ref) 3,911 1,890 (48) — —
many initial vaccine types. Any mRNA vaccine, 2 doses 3,619 979 (27) 55 (50-60) 0.01
<2 mos 88 22(25) 71(51-83)
2-3 mos 294 69 (23) 65 (53-74)
@ i ' 55‘ Zg;x y " 22*1)( ’ : @ 1xWashington-1 Infected 4 mos 150 42 (28) 58 (38_71)
a. N5 xS e NS s fs NN e DS s NS P o 5 Modemi s =5 mos 3,087 846 (27) 54 (48-59)
&= 2x Pfizer BNT16262 Any mRNA vaccine, 3 doses 2,833 276 (10) 88 (86-90) <0.001
R B e S Y <2 mos 1,261 103 (8) 91 (88-93)
8 188 @ 1x Janssen Ad26.COV2.S 2-3 mos 1,383 137 (10) 88 (85-90)
§ o -@- 2x AstraZeneca AZD1222 24 mos 189 36(19) 78 (67-85)
% Ség @ 2x Gamaleya Sputnik V
3 ]9 & O 2x Sinopharm BBIBP-CorV “Vaccine effectiveness (VE) against COVID-19—associated emergency department/urgent care (ED/UC) visits and hospitalizations was higher after
2 Ig Y the third dose than after the second dose but waned with time since vaccination. During the Omicron-predominant period, VE against COVID-19—
(@ |\ /B o o ,8 associated ED/UC visits and hospitalizations was 87% and 91%, respectively, during the 2 months after a third dose and decreased to 66% and 78%
<N g a by the fourth month after a third dose. Protection against hospitalizations exceeded that against ED/UC visits.”
LT https://www.cdc.gov/mmwr/volumes/71/wr/mm7107e2.htm?s cid=mm7107e2 w
q,vf‘q,vmoé‘“q,v”q,v:} @

105 = * C Efficacy against SARS-CoV-2 Infection
25 0 s 2 L m e RIS = L This nonrandomized clinical stud
x X 2 8- 3xBNT162b2 dthei v — BNT162b2 vaccine — mRNA-1273vaccine  yeee-

104 642 B~ 2xAd26.COV2S assessed the immunoge- 304 — Control e 304 — Control i

5 ] g 1xAd26.COV2S nicity and safety of a fourth dose of either EE
1x BNT162b2 . .
g ZXAZD1222 BNT162b2 (Pfizer-BioNTech) or mRNA- £
= X .. = 4
< 100 X BNT16202 1273 (Moderna) administered 4 months i
g . 2XAZD1222 after the third dose in a series of three 2
T 1x mRNA-1273 . . ®
3 0 2 Sputnik V BNT162b2 doses. Vaccine efficacy was 3T 101
E| - . . .
=7 1xAZD1222 estimated to be higher for the prevention 3
? 2x Sputnik V i i 0,
] - X eon2 of symptomatic disease (43% for .
101 BNT162b2 and 31% for mRNA-1273)
b; K a0 https://www.neim.org/doi/pdf/10.1056/ Days since Receiving Vaccine Days since Receiving Vaccine
N A h .
F X ¥ NEJMc2202542?articleTools=true No. at Risk No. at Risk
BNT162b2 vaccine 151 148 144 132 130 126 mRNA-1273 vaccine 115 111 103 92

https://www.biorxiv.org/content/10.1101/2022.03.15.484542v1.full.pdf Cantrol 0 23 1 M4 130 Iz Control 150 138 124 2



https://www.cdc.gov/mmwr/volumes/71/wr/mm7107e2.htm?s_cid=mm7107e2_w
https://www.nejm.org/doi/pdf/10.1056/NEJMc2202542?articleTools=true
https://www.biorxiv.org/content/10.1101/2022.03.15.484542v1.full.pdf

United States Case Rates

Trajectories of States =7 |  _imn T

e All states have shifted to a
declining trajectory

Declining 54 (54)
Plateau 0 (0)
Slow Growth 0 (0)
In Surge 0 (0) A _-
it UNIVERSITYsf VIRGINIA
31-Mar-22
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United States Hospitalizations
Trajectories of States /\

* Hospital admissionsare
lagging case rates, and have
mainly entered plateaus

* Many states in growth
trajectories show signs of
slowing

Plateau 52 (50)
Slow Growth 0 (1)
i Surge 00 _
i UNIVERSITYs VIRGINIA
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Virginia and Her Neighbors

Indiana - Declining Ohio - Declining Pennsylvania - Declining New Jersey - Declining Connectic Declining

— cases/100¢ — CasesnL00K — Casesy100K — CasesL00x 300

* All have dramatically = “BE e T LT
dropped from peaks

* Rates have moderated

* All but Kentucky are below ~ N
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Other Countries

* Many, but not all, European countries are experiencing a rebound in cases
* Rebound in hospitalizations is a bit delayed but observed in some of these countries as well
» US per capita hospitalization rates lower than most European nations

Daily new confirmed COVID-19 cases per million people Weekly new hospital admissions for COVID-19 per million people Olr Yiord
) g N P D ta . " ». . g g
7-day rolling average. Due to limited testing, the number of confirmed cases is lower than the true number of infections. i Weekly admissions refer to the cumulative number of new admissions over the previous week.
LOG (LINEAR I LOG
500
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Ireland
Hong Kong France
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Germany 100 Netherlands
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[F)(;::vl\:;‘k United States
Canada
— = United States 0=
Jul1,2021 Sep 12,2021 Jul1,2021 Sep 12,2021 Nov 1,2021 Dec 21,2021 Feb 9,2022 Mar 28,2022
irce: Johns Hopkins University CSSE COVID-19 Data CCBY Source: Official data collated by Our World in Data CCBY
= H
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https://ourworldindata.org/explorers/coronavirus-data-explorer?zoomToSelection=true&time=2021-07-01..latest&facet=none&pickerSort=asc&pickerMetric=location&Metric=Confirmed+cases&Interval=7-day+rolling+average&Relative+to+Population=true&Color+by+test+positivity=false&country=USA~GBR~ZAF~CAN~ISL~IRL~DNK~ISR

County-level comparison to previous highest peak

* Most counties in VA have had the highest case rate of the pandemic in the last week
* Nationally the number of counties at their highest rate has expanded considerably

Recent Incidence Compared to Worst Week by County Recent Incidence Compared to Worst Week by County

Recent Incidence Compared to Worst Week by County

v,

02 a3 o4 03 06
Pre Last Week's Incidence to that of Worst Week

Last week

0.0 0.1 0.2 0.3 0.4 0.5
B Proportion of Last Week's Incidence to that of Worst Week

0.0 02 04 06 038 1.0
Proportion of Last Week's Incidence to that of Worst Week
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County-level comparison to last Summer

* Most counties in VA have had the highest case rate of the pandemic in the last week
* Nationally the number of counties at their highest rate has expanded considerably

Recent Incidence Compared to Weekly Summer Mean by County Recent Incidence Compared to Weekly Summer Mean by County
Mean: 8.95; Median: 0.51; IQR: 0.18-1.47 T MM(=_;acn:w1.63‘>: Median: 0.89; IQR: 0.5-1.9
Mean: 2.29; Median: 1.29; IQR: 0.54-2.64

LA

.
[X) o 1s 20 23
Proportion of Last Week's Incidence to that of Weekly Summer Mean

Last week

w.

R, R 05 1o s 2o S5 30
0 ' ‘ . Proportion of Last Week's Incidence to that of Weekly Summer Mean
0.5 1.0 1:5 2.0 2.5 3.0

Proportion of Last Week's Incidence to that of Weekly Summer Mean
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Zip code level weekly Case Rate (per 100K)

Case Rates in the last
week by zip code

Clusters of high
prevalence in Southwest

Some counts are low
and suppressed to
protect anonymity, those
are shown in white

31-Mar-22

Rank Zip Code Name Prev Point Prevalence by Zip Code Point Prevalence
1 23801 Fort Lee 1,660 (2022-03-28) - High : 3000+
2 23124 New Kent 1,610 . 2000
3 22904 Charlottesville 1,100
4 22027 DunnLoring 1,040 100D
5 23829 Capron * 1,030 Low:0
6 24072 CheCk 940 Units = Active Cas:es/100,000
7 22610 Bentonville 910 [ iShppeesd
8 23966 Rice 740 ‘ Data
9 23901 Farmville 680

10 23960 Prospect 620

Only includes zips with pop = 1000 and no supp. data.
* Denotes zip codes with state prisons.

Based on Spatial Empirical Bayes smoothed point prevalence for week ending 2022-03-28.
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Risk of Exposure by Group Size and HCW prevalence

Case Prevalence in the last week by zip code used to calculate risk of encountering
someone infected in a gathering of randomly selected people (group size 25)
Group Size: Assumes 2 undetected infections per confirmed case (ascertainment rate from recent

seroprevalence survey), and shows minimum size of a group with a 50% chance an individual is infected by
zip code (eg in a group of 41 in Fort Lee, there is a 50% chance someone will be infected)

 HCW ratio: Case rate among health care workers (HCW) in the last week using patient facing health care
workers as the denominator / general population’s case prevalence

Rank Zip Code Name Size Group Size Needed for 50% Group Size Rank Name Ratio HCW Prevalence / Case Prevalence . Prevalgn:c1e Ratio
1 23801 Fort Lee 41 Likelihood of =1 Infected }\ High : 300+ 1 Westmoreland County  39.5 (2022-03-26) Higher HCW Prev o
2 23124 New Kent 43 £ 260 2 Accomack County 9.5 :
3 22904 Charlottesville 63 5 o A 2 220 3 Caroline County 8.9 3:1
4 22027 Dunn Loring 67 : R 4 180 4 Richmond County 7.3 Wt 2:1
5 23829 Capron * 67 v e °©§3 140 5 Carroll County 72 S - 1:1
6 24072 Check 74 P 100 6 Gloucester County 5.7 { 7 pauien, OV 1:2
7 22610 Bentonville 76 - i 60 7 New Kent County 5.1 v Rockingham / Page A, "} 1:3
8 23966 Rice . 93 . ) [ LowW:20 8 ance Edward County 5.0 AN e PR oo % Lo | 14
9 23901 Farmville 102 : . ) 9 Louisa County 43 ‘“ SNOE ST A the r Case Prev 4.5
10 23960 Prospect 111 Lo =& - NaN 10 Halifax County 4.3 S Lees MR " et
Only in |a zips with pop 2 1000 and n Py, data ? < o) I Bath / Ol a ,
notes zip codes with state p ¢ /3 . e 7 4\ Atbemarie / =3
: / k I <% A A \ ".—'M‘/’/Amher;r!x\ ‘Vaj(k h L B
4 " / g " Botetourt .~ 3 Buckingham / atan - .
AN SR T 4 > o - ;
‘(S)*@.@'L L\ 1 t‘ 3 / 4 L~ Gies 3 @5y Bedford /- ‘/f\ppmmv Sl Amefia 7 s, loglirplon
\ ,/\—"' B ©’ 4 ( > LBuchanan > S = 3 A)_\”_,; e @ P e A 4 ; S York
ot p~ -~ / \ — %  Mont Ve & Campbell ~ L X
B e 1 ~\ N Tazewel < Bland ‘PI W< L N e \, (" Dinwiddie | 4 Sumy JTINS
f h’\ﬂ\ "o i | Mje ‘ Ve ;N . St (’Fhlryd ;\' Franklin ‘lp ¥ . sl “‘L o b‘ g’T»,A ~ ‘S 1 c \ g
{ p & _» Russel Wythe loyd  / | ikl ]| ussex e
5 \ d \‘,v”' 4 5) = ";( Pittsylvania @@ Lo i “‘Brunswick? = O ( h”
g - ‘ o @ __ o Vetingon SR O R / > Meckienburg | i ;.g:\ o sk | f»":i:; ,
R ™ ... ] \ “ L — 2 S = 3 | Henry RS S » | L { |

' Based or n Spatial Empirical Bayes smoothed point prevalence for week ending 2022-03-28.
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Current Hot-Spots

Case rates that are significantly different from neighboring areas or model projections

e Spatial: Getis-Ord Gi* based hot spots compare clusters of zip codes with weekly case prevalence higher
than nearby zip codes to identify larger areas with statistically significant deviations

 Temporal: The weekly case rate (per 100K) projected last week compared to observed by county, which
highlights temporal fluctuations that differ from the model’s projections

Spatial Hotspots

Spot Zip Code Name Conf. Point Prevalence Hot Spots by Zip Code Getis-Ord Gi* HotSpots
1 23801 Fort Lee 99% (2022-03-28) ; B cold Spot - 99% Confidence
2 23124 New Kent  99% rraderiin. /N ¥ Cold Spot - 95% Confidence
3 22904 Charlottesville 99% $Opf N/ C
4 23829 Capron * 99% /AE’“ i :,'7 / VLVoudoun\ 7"7”\5 Cold Spot - 90% Confidence
5 22027 Dunn Loring  99% N ’6 AR Not:sHignificant
6 22610 Bentonville 99% LA ’ % \ Fauquier @ Fairtax ] Hot Spot - 90% Confidence
7 23901 Farmyille 99% ~fRosmamy/Pe A} N I Hot Spot - 95% Confidence
8 24072 Check 99% . a'i»‘"“ AN **\(sutoa| [l Hot Spot- 99% Confidence
9 23966 Rice 95% et LT

Only includes zips with pop = 1000 and no supp. data y —~/ "'Augus(a —
* Denotes zip codes with state prisons. s {
Bath ¢
y, 7
4 Rockbridge y ™ -
/ > A g\ \
/[ o | Nelso ;| Accomack
: / S \
> “F ) Botetourt ' P famhoes .ﬂ;;B”Ckmgh m A
< Craig AL
4 w D\ :
/ % LN S Northampton
\, ? G 3 D /
-\ Buchanan “~ o ) = N Bedtord e ot okl
- - = o Campbell 571, =
& \ 0 Tazewel < Bland _~ e o b y
IWise '\ S S, s — Pulaski 3 " YAt 7~/ Charlotte 7 4 VAN i 1
& ~( N = \ AT 7 Frankiin J iR 55 f ~n L ) [ o
) ? ") Russell < N wythe N <~ Floyd [ / / e | | N ussex g e iy SO
i —X; — N = A / / S oo | RS . yaader QIS
TN \ Smyth ¢S Pitsyvania [ 3 secdl 1 4 MY
J o \ T — = N\ ‘ / / alifax “|Brunswicl / / |
. S scott \~~ Washington = _ Camoll t / ’ : [ Gl 1 {
Lee Xy \/  Grayson 7 ~o Patick \ & 7 {\M%ke"wg | R 357~ Sunolk{
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— 1 L D L — . LS e L

Based on Global Empirical Bayes smoothed point prevalence for week ending 2022-03-28.

Clustered Temporal Hotspots

Weekly Point Prevalence Model Residuals Residﬁalh -
; i igh :
Adaptive 16MAR Predicting | More Cases 20%
Week ending 2022-03-28  / ° than Expected 150
(Frederick)
~ Clarke Loudoun ;80
" {Warreny . = 5
Shenandosh’ Y o 8 50
Fauquier\ ¢Fairex | -
/Rockingham / Page y . :}28
£ A ulpeper o Fewer Cases
Srighiand 7 P acison pe | than Expected 200
it 3 7 A e P Low : -250
7 Avgust 7 Cases / 100,000
Bah /' Note: New Color Scale
/ / Caroline
Covington__ / V) Louisa p
">~ /Alleghany 4 Rockbridge f e P
Y O Ak ! Ve Accomack
Roanoke _ < < Amhersxj/\aluckmg"am sy
WYL W i
Giles -hj‘:i) Bedford " Appmitx. " Northampton
e Mot | o Campbell > York
Bland > . Surry <
Pulaski ( 1
45 - e 7
ad A (G Smyth "y Pittsylvania 4 g ‘
’ Scott  \ Washington = p ™Y Pk ST o\t s {_ Mecklenburg “"‘.\}&nhammoﬂdf Suffolk |
LY rayson A g Heﬂ;’y / - mensvﬁa‘_ ; *Norfolk

Moran's | = 0.00711, Z-Score = 0.678083, P-Value = 0.497719
No Residual Autocorrelation Detected
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Scenario Trajectory Tracking

Which scenario from last projection did each county track closest?

 Minimal difference between

p rOj e Ct i O n S Ove ra I | ‘ Virginia Daily Confirmed - Comparison MOdel Proximity C|osest Model
v - Adaptive

%1 —— Adaptive-DecreaseControl Models 16MAR Predicting
* Mixed results reflective of similarity - — e Week ending 2022-03-28 T Y
- DecreaseControl

of scenarios, most counties
tracking slower decline scenarios
(BA2 and DecreaseControl)

Daily Confirmed case:
~ 5 i<}

fili UNIVERSITY/VIRGINIA
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Model Update — Adaptive Fitting

il UNIVERSITY, VIRGINIA
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Model Structure Extended for Multiple Strains

Omicron escapes immunity from vaccinated and those infected with Delta
* Multiple strain support allows representation of differential protection based on
immunological history

e Severity of Outcomes varies by strain and level of immunity, thus allowing model to better
capture hospitalizations and deaths from Omicron

* Adaptive fitting approach continues to use simulation to generate the full distribution of
immune states across the population

Naive Original Variant [Delta] New Variant [Omicron]

Tier 2
Two Dose
Vaccine

Tier 0
No Immunity

31-Mar-22 BIOCOMPLEXITY INSTITUTE
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Adaptive Fitting Approach

Each county fit precisely, with recent trends used for 5 | Fairfax County ~ _ soss
future projection 01
25 - A
* Allows history to be precisely captured, and used to guide bounds | A
on projections 5 ] o I"{"-
. . / \
Model: An alternative use of the same meta-population o |
. . . . . . ] / A
model, PatchSim with multiple tiers of immunity Z -
* Allows for future “what-if” Scenarios to be layered on top of o0 M

calibrated model

Original Variant [Delta] New Variant [Omicron]
A\

* Allows for waning of immunity and for partial immunity
against different outcomes (eg lower protection for infection
than death)

External Seeding: Steady low-level importation

* Widespread pandemic eliminates sensitivity to initial
conditions, we use steady 1 case per 10M population per day
external seeding

il UNIVERSITY VIRGINIA
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Using Ensemble Model to Guide Projections

Ensemble methodology that combines the Adaptive with
machine learning and statistical models such as:

* Autoregressive (AR, ARIMA)
* Neural networks (LSTM)
* Kalman filtering (EnKF)

Weekly forecasts done at county level.

Models chosen because of their track record in disease
forecasting and to increase diversity and robustness.

Ensemble forecast provides additional ‘surveillance’ for
making scenario-based projections.

Also submitted to CDC Forecast Hub.

31-Mar-22
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Virginia
Bl AR spatial
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Seroprevalence updates to model design

Several seroprevalence studies provide better e
picture of how many actual infections have occurred e g =

United States COVID-19 Seroprevalence Estimates

* CDC Nationwide Commercial Laboratory Seroprevalence

Survey
Pre-Omicron these findings were consistent with an e
ascertainment ratio of ~2-3x 0 mmv | 9
Assay Type %RJ me
* Thus there were 2.5 total infections in the population for i == VA: 34% [31%-39%]
every confirmed case recently R

e Case ascertainment for Omicron infections are half of
that for pre-Omicron, thus for every case there are ~5
total infections

‘‘‘‘‘‘

* During the peak of Omicron, the degradation of test | ’
seeking and capacity were modeled to have fallen by 3x o

with a rebound to pre-Omicron levels by mid-Feb.
https://covid.cdc.gov/covid-data-tracker/#national-lab
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https://covid.cdc.gov/covid-data-tracker/#national-lab

COVID-19 in Virginia:

Calibration Approach et

Data entered by 5:00 PM the prior day.

Cases, Hospitalizations and Deaths

* Data: Total Cases* Total Hospital Total
* County level case counts by date of onset (from VDH) 1,668,087 Admissions** Deaths
* Confirmed cases for model fitting 48,884 19,673

. . . £ ), (New Cases: 798)*
* Calibration: fit model to observed data and ensemble’s forecast Confirmed: probabler Contrmeds probabler Confrmeds Probabler
1,195,155 472,932 45966 2918 16,377 3,296

* Includes both people with a positive test (Confirmed), and symptomatic with a known exposure to COVID-19 (Probable).
** Hospitalization of a case is captured at the time VDH performs case investigation. This underrepresents the total number of hospitalizations in
. i i i _ i i . Virginia.
D uration Of Incu batl on (5 9 d ays)’ ! nfeCt lousness (3 7 d ays) ANew cases represent the number of confirmed and probable cases reported to VDH in the past 24 hours.
. . + VDH adopted the updated CDC COVID-19 confirmed and probable surveillance case definitions on August 27, 2020. Found
. Undocumented case rate (1x to 7x) guided by seroprevalence studies here: https://wwwn cdc govinndss/conditions/coronavirus-disease-2019-covid-19/case-definition/2020/08/05/

Sonrce: Cases - Virginia Electronic Digease Snrveillance Svstem (VENSS) data entered hv 5:00 PM the nrior dav

+ Detection dely: exposure to confirmaion (4-12 daye)

* Tune transmissibility across ranges of:

*  Approach captures uncertainty, but allows model to precisely track the full trajectory of the outbreak Total Outbreaks* Outbreak Associated Cases
7252
* Project: future cases and outcomes generated using the collection of fit models run into 123,394
the future

* At least two (2) lab confirmed cases are required to classify an outbreak.

+ Mean trend from last 7 days of observed cases and first week of ensemble’s forecast

u Sed Testing Encounters PCR Only* Current 7-Day Positivity Rate PCR Only**
* Qutliers removed based on variances in the previous 3 weeks 13,134,925 3.2%
. . . . . . . . * PCR" refers to "Reverse transcriplase. polymerase chain rela'ct.ion.laboralory testing." o
° 2 Week Interp0|at|0n to smooth tranSItlonS In rapldly Changlng trajectorles ** Lab reports may not have been received yet. Percent positivity is not calculated for days with incomplete data.
. . . . Syndrome in Children
* OQOutcomes: Data driven by shift and ratio that has least error in last month of
b ti Total Cases* Total Deaths
observations
169 1
* Hospitalizations: 3 days from confirmation, 6.8% of cases hospitalized *Cases deined by CDC HAN case defnton: s emespencycde o 2000110045 s

* Deaths: 11 days from confirmation, 1.45% of cases die

Accessed 10:30am March 30, 2022
https://www.vdh.virginia.gov/coronavirus/
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Scenarios — Transmission Conditions

* Variety of factors continue to drive transmission rates
* Seasonal impact of weather patterns, travel and gatherings, fatigue and premature
relaxation of infection control practices

 Waning Immunity: Mean of 6 months to a year protection (rate of 0.0027)
similar to Pfizer study, Omicron waning with a mean of 4 months

* Projection Scenarios:

* Adaptive: Control remains as is currently experienced into the future with
assumption that Omicron remains as the majority strain, and that infection with
Omicron provides protection against Omicron infection in the future

* Adaptive-VariantBA2: Same as Adaptive, but with BA.2 subvariant continuing
predominance and having a 30% transmission advantage over existing Omicron

* Adaptive-VariantBA2-IncreasedControl: Same as Adaptive-VariantBA2, but with a
25% reduction in transmission to increased mitigations starting on May 1st

 UNIVERSITYo VIRGINIA
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https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3909743

Scenarios — Omicron Description

Omicron shown ability to evade immunity and may be more transmissible
* Transmissibility: New evidence suggests that Omicron has similar transmissibility to Delta

* Immune Evasion: Strong evidence demonstrates that Omicron can cause infection in those
with some immunity (natural and vaccine induced). Consensus estimate of 80% immune
evasion allows Omicron to infect 80% of individuals that would have otherwise been
protected against Delta. Assume that recovery from Omicron provides protection to
Infection with Omicron similar pre-Omicron variants

* Prevalence: Proportion of cases caused by Omicron variant
estimated from growth rates observed in other countries with Estimated Preval for US
similar levels of immunity (growth of 32%, doubling in ~3 days) stimated Frevalence curve tor

. . Midpoint:2021-12-21
* Severity: Several reports suggest Omicron may not cause as :
severe disease as Delta, we use a 50% reduction in severity for
hospitalizations and deaths

e Studies: South Africa, UK, Canada

20

-
-'".
- - Growth rate = 32% (Omicron)
0 - d_/ -=- Growth rate = 7% (Delta)

'Lla?}'ﬁ-

Predominance occurs before Jan 1, 2022


https://www.medrxiv.org/content/10.1101/2021.12.27.21268278v1
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3996320
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1044481/Technical-Briefing-31-Dec-2021-Omicron_severity_update.pdf
https://www.medrxiv.org/content/10.1101/2021.12.24.21268382v1.full.pdf

Scenarios — Omicron BA.2 Description

BA.2 shows signs of increased transmissibility

* Transmissibility: Analysis of household contacts in Denmark and the
UK suggests a 40% to 3x increase in transmission.

* Now use a 30% boost to transmissibility only

* Prevalence: Detection in US has been widespread but limited; given
growth observed elsewhere and US, and current estimated prevalence,
this would lead to BA.2 prevalence of 50% in early April

e Severity: Assumed to be same as for other Omicron subvariants

Table 3: Relative effect of Omicron VOC BA.2 vs. BA.1

Susceptibility Transmissibility
Unvaccinated Fully vaccinated Booster vaccinated Unvaccinated Fully vaccinated Booster vaccinated
Omicron BA.2 households 2.19 245 2.99 262 0.60 0.62

(1.58-3.04) (1.77-3.40) (2.11-4.24) (1.96-3.52) (0.42-0.85) (0.42-0.91)
‘Omicron BA.1 households ref ref ref ref ref ref
() () () () () ()
Number of observations 17,945 17,945 17,945 17,945 17,945 17,945
Number of households 8,541 8,541 8,541 8,541 8,541 8,541

Notes: This table shows odds ratio estimates for the effect of living in a household infected with BA.2 relative to BA.1. Column 1 and 4
shows the relative transmission of BA.2, conditional on being unvac- cinated. Column 2 and 5 shows the relative transmission of BA.2,
conditional on being fully vaccinated. Column 3 and 6 shows the relative transmission of BA.2, conditional on being booster
vaccinated. Note, all estimates are from the same model, but with a different reference category across column 1-6. The estimates are
adjusted for age and sex of the primary case, age and sex of the potential secondary case, size of the household, and primary case
sample date. The estimates are furthermore adjusted for vacci- nation status of the potential secondary case and primary case
interacted with the household subvariant. 95% confidence intervals are shown in parentheses. Standard errors are clustered on the
household level. The odds ratio estimates for the full model are presented in Appendix Table 12, column |

Danish Household Study - MedArxiv

31-Mar-22

Table 4. Secondary attack rates for contacts of cases with confirmed sequenced VUI-
22JAN-01 and all other Omicron (VOC-21NQV-01)

(Case test dates 1 January to 14 February 2022, variant data as of 7 March 2022 and contact
tracing data as of 8 March 2022)

Number of Adjusted* secondary
exposing | Number of | attack rate (95%
Variant Setting cases contacts Confidence Interval)
VOC-21NOV-01 Household 178,069 369,011 10.7% (10.6%-10.8%)
VUI-22JAN-01 Household 20,072 41,621 13.6% (13.2%-14.0%)
VOC-21NOV-01 Non- 30,325 74,343 4.2% (4.0%-4.3%)
household
VUI-22JAN-01 Non- 3,565 8,763 5.3% (4.7%-5.8%)
household

UK HAS report shows 2ndary Attack rates ~30% higher
in households and out of households.
https://assets.publishing.service.gov.uk/government/up
loads/system/uploads/attachment data/file/1060337/T
echnical-Briefing-38-11March2022.pdf

Fraction of Omicron sequences

BA.2 weekly growth advantage over BA.1 by country

Estimated BA2
prevalence projection

Midpoint: 2022-04-01
100 —
.//‘
."f

20 /

0 _— Growth rate = 10% (Omicron BA.2)
i

Jan Feb Mar Apr May Jun Jul
2022

This projected prevalence is based on the
increase experienced in Denmark the growth
rate in VA may be markedly different

Many countries

.| Tracking a 2x
Ll Advantage for
BA.2 vs. BA.1

Barak Raveh

| via Twitter
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https://www.medrxiv.org/content/10.1101/2022.01.28.22270044v1.full.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1050721/Vaccine-surveillance-report-week-4.pdf
https://www.medrxiv.org/content/10.1101/2022.01.28.22270044v1.full.pdf
https://twitter.com/barakraveh/status/1493648218000924680
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1060337/Technical-Briefing-38-11March2022.pdf

Projection Scenarios — Combined Conditions

Adaptive

Adaptive-VariantBA2

Adaptive-VariantBA2-
IncreasedControl

Transmission Controls:

Vaccinations:

Likely trajectory based on conditions remaining similar to the current experience,

C SQ includes immune escape due to Omicron
C sQ Transmission rates for BA.2 infections are 30% more infectious, BA.2 prevalence
reaches 50% on April 15t and rises to ~¥95% in next 4 weeks
Same as Adaptive-VariantBA2 with increased mitigations reducing transmission
Increased  SQ g © &

by 25% starting May 15t

C = Current levels persist into the future

Increased = Transmission rates are reduced by 25% over 2 weeks starting May 15

Spring = Transmission rates from mid-Jan 2021 through mid-March 2021 are coarsely replayed,
representing a 60% reduction in transmission rate drivers, with Omicron remaining dominant
SQ = Status quo acceptance leads to low rates of vaccination through the summer

VO = Vaccination acceptance optimistically expands with increased rates through the summer
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Outcome Projections Estimated Hospital Occupancy
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Outcome Projections — Closer Look
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Detailed Projections: All Scenarios

Projections by Region
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Detailed Projections: All Scenarios - Closer Look

Projections by Region
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Capacities by Region
COVID-19 capacity ranges from 80% (dots) to 120% (dash) of total beds
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Length of Stay Estimates

Length of Stay more variable with Omicron, Ej;:fr: 3
occupancy projections may vary as a result, Far SW 10
ad-hoc estimation performed per region e :

Northwestern 8

Estimated LOS stable

Projections show continued declines and with expanded capacities
and adjusted length of stay, no capacities exceeded

Interactive Dashboard &
with regional
projections

| https://nssac.bii.virginia.edu/covid-19/vmrddash/ |
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Unknown Future Variants

Confirmed cases

Virginia Daily Confirmed - Comparison

Currently there no known Variants expected to

cause significant changes to current trajectories

* The risk remains, however, as Alpha, Delta, and U
Omicron have demonstrated. f

* To explore what impact a speculative future ;
variant might have we built a ”Variant X” scenario, 8 |
loosely based on the Alpha variant (eg Variant X is _

to Omicron as Alpha was to ancestral)

—— Adaptive
Adaptive-VariantBA2
—— Adaptive-VariantX
—— Adaptive-VariantBA2-IncreasedControl

e Adaptive-VariantX: Same as Adaptive, with a 60%

more transmissible variant arriving in mid-May
and predominating (50% prevalence) by July 1
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Daily Confirmed cases

Unknown Future Variants — Closer Look

Confirmed cases

Estimated Hospital Occupancy

Scenario Adaptive-VariantX

Central Eastern Far SW
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Current Influenza Hospitalization Forecast
Statistical models for submitting to CDC FluSight forecasting challenge

* Hospitalizations nationwide are rising, VA still steady ] o
Hospital Admissions for Influenza and Forecast

for next 4 weeks (UVA ensemble)
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Incident Hospitalizations
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b Truth
—— QObserved Data (HealthData)

CDC FluSight
Ensemble Forecasts - e e e e S
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https://github.com/cdcepi/Flusight-ensemble/blob/main/2022-01-31/ensemble-2022-01-31.pdf

Key Takeaways

Projecting future cases precisely is impossible and unnecessary.
Even without perfect projections, we can confidently draw conclusions:

* Case rates and hospitalizations are starting to plateau

* VA 7-day mean daily case rate slowly decreased to 8/100K from 10/100K
* US has plateaued to 9/100K (from 9/100K)

e BA.2 subvariant of Omicron approaches 50% prevalence and continues to grow

* Projections anticipate a plateau at moderate to low levels, though growth from BA.2 or other factors is possible:

* Future levels and resilience to new variants and reduced infection control measures depend on the strength of immunity gained through infection
with Omicron and its durability against waning

* Model updates:

* Adjusted ascertainment levels during Omicron to better capture degraded case detection and reduced symptomatic fraction of Omicron

* Further calibration of model parameters to match recent data on population immunity post-Omicron wave continue and will provide better long-
term estimates of future disease dynamics

The situation continues to change. Models continue to be updated regularly.
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Overview of relevant on-going studies
Other projects coordinated with CDC and VDH:

* Scenario Modeling Hub: Consortium of academic teams coordinated via MIDAS / CDC
to that provides regular national projections based on timely scenarios

* Genomic Surveillance: Analyses of genomic sequencing data, VA surveillance data, and
collaboration with VA DCLS to identify sample sizes needed to detect and track
outbreaks driven by introduction of new variants etc.

* Mobility Data driven Mobile Vaccine Clinic Site Selection: Collaboration with VDH
state and local, Stanford, and SafeGraph to leverage anonymized cell data to help
identify

UNIVERSITYs VIRGINIA
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COVID-19 Scenario Modeling Hub

Collaboration of multiple academic

) _ https://covid19scenariomodelinghub.org/viz.html
teams to provide national and state-

Delta variant (high and low) |

200

by—state level projections for 4 Projected Incident Cases by Epidemiological Week and by Scenario for Round 12 - Virginia
aligned scenarios that vary vaccine
rates (high — low) and impact of the 5 |

* Round 12 recently released to
assist in federal response to

100

Incident Cases (in Thousands)

Omicron wave T

* Only national consortium tracking™ ~
Omicron wave well

* Rounds 4-11 now available |

Round 4 Results were published %\lpweek h - )

End Date for Epiweek

May 5%, 2021 in MMWR
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https://covid19scenariomodelinghub.org/viz.html
https://www.cdc.gov/mmwr/volumes/70/wr/mm7019e3.htm

Data Recommended Mobile Vax Clinic Sites

Detailed and Timely Loca:_cions _ Data Delivered and Disseminated to Locals
o ) , ~ Provides a list of areas most visited by a given
: B0 o0, T -+ demographic group based on SafeGraph mobility
B #*  data that links visits to specific sites and the home
: Census Block Group of the anonymized visitors
T,.,,,,,,,,;._’ } i Lynd;bt:rg
) NG me | o+ Demographic Groups: Black, Lantinx, Young Adults
P VT i 8 (20-40), Unvaccinated, and Whole Population
*ﬁ; = Ro'm,ék';'.' : | ;M‘u:e“sg:a‘y’”: > o
A Data Included: Rank, Weight, most visited Day of
> Wi Week, Highly Visited Address, and Lat-Long of area

Goal: Provide frequently visited locations based on populations and vaccination levels one desires to reach
Example: List of location in the Southside frequented by 20-40 year olds
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Data Recommended Mobile Vax Clinic Site

Aexandia

Age 20-30
Ape 20-44
Age 70-44

% Whale Populatian
Rece Black -

Ethnicity Latinx -

State Level

Unvaccnated

Whale Populatian
Ethnicity Latinx - o
Unveccinated

Within VDH Health Districts

Different groups visit different areas
- Least overlap between Black and Latinx
- Overlap in ages highest, but drops with large gap
- Districts have different overlap patterns

fili UNIVERSITY
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Questions?

Points of Contact

Bryan Lewis
brylew@virginia.edu

Srini Venkatramanan
srini@virginia.edu

Madhav Marathe
marathe@virginia.edu

Chris Barrett
ChrisBarrett@virginia.edu
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Agent-based Model (ABM )

EpiHiper: Distributed network-based stochastic disease transmission simulations
* Assess the impact on transmission under different conditions

* Assess the impacts of contact tracing

Detailed Disease Course of COVID-19

» Literature based probabilities of outcomes with
appropriate delays

* Varying levels of infectiousness

* Hypothetical treatments for future developments

Synthetic Population
* Census derived age and household structure
* Time-Use survey driven activities at

appropriate locations _
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